Customizing offerings to match customers' specific needs is a common practice for manufacturers striving to maintain their competence in markets. Despite Product/Service Systems (PSSs) having developed substantially in industry and academia for the last two decades, no scientific review of PSS customization has been published. This prompted us to conduct a review of scientific papers relating to products, services, and PSS customization with a focus on design, with the aim of clarifying future research directions in PSS customization. In particular, distinct design models and methods were individually examined, with a special focus on service aspects, in terms of what to design and how to design it. The population of papers included in the review was those included in the Web of Science. Even though service customization has been utilizing the knowledge generated by product customization, which has been researched extensively for decades, there are differences between them, such as the difficulty associated with modularity. The same or even larger differences apply to PSS customization, because, apart from service characteristics, PSS also has product characteristics and thus is more complex. Results also include that the module-based platform strategy used in service customization can also be used for PSS. Although several papers concerned with PSS customization have been published thus far, their focus has been on the service aspect of PSS, providing further research opportunities. Existing methods to design PSS can be also applied to develop a method for PSS customization.
Introduction
Manufacturers aim to add value to their offerings in response to individual customer needs and wants, i.e., they customize their offerings (Hu et al., 2011) . In terms of product customization, the notion of mass customization and customized products with near mass production pricing has been practiced for over two decades (Anderson, 1997 , Pine, 1997 . A model for product family architecture and its associated methods has been developed in the field of product family design (e.g., Jiao et al. (2007) ). Service customization models for software languages emerged (e.g., Moon et al. (2011) ). As an additional trend in industry, the development of services in combination or integration with physical products became crucial for an increasingly large number of manufacturers to retain their competitiveness amidst fierce global competition (Meier et al., 2010 , Baines et al., 2017 . Concepts supporting the design of both products and services in an integrated manner were developed and supported in industry, such as the Product/Service System (PSS) (Tukker and Tischner, 2006) . PSS is defined as tangible products and intangible services designed and combined to fulfill specific customer needs (Tischner et al., 2002) . Providing PSS in industry indeed involves customization (Sakao et al., 2008) . Further, PSS is expected to enhance the environmental performance of product lifecycles (Tukker, 2015) , which increases the relevance of PSS research even more from the viewpoint of society. In the light of the definition of PSS, here a product is defined as a tangible, physical entity, whereas a service is defined as an intangible activity.
Customization of product, service, and product/service
system: what and how to design
Research Methodology
This research builds upon different categories of existing research in terms of the design object (i.e., what to design) and design process (i.e., how to design it). Literature related to customization covering products, services, and PSS, was included. Because of the imbalance between the literature pertaining to products, services, and PSS, different approaches were applied. Considering the small amount of research that focused on service and PSS customization, the features proposed by each of the studies were examined and incorporated. On the other hand, taking into account the huge amount of research regarding product customization, only those features that were frequently found were incorporated to ensure the feasibility of this research. This way is more effective than examining each study even in product customization, which makes it difficult to include an overview of the three different areas in one review article. The detailed methodology is described below. Phase 1. Literature review of PSS design: Literature addressing the conceptual design of PSS was reviewed. The aim was to select a model for designing the most promising PSS for examining models detected during the later phase. This phase consisted of three steps: 1) keyword search, 2) screening, and 3) comparison of the models. The population consisted of those publications written in English and incorporated in the Web of Science (WoS) databases in consideration of the impact factors of the journals. The conditions applied to 1) keyword search, were that the title should include "service," "PSS," (as a single phrase), "integrated solution," or "hybrid offering" and that the topic should include "CAD," whereas the research area should be either "engineering" or "computer science," and the document type should be "article". In 2) screening, the correspondence with the context of the article and the implementation in software were necessary conditions because of the focus on CAD support and design science as stated in Section 1. Furthermore, articles by the same authors were consolidated and a representative one was chosen. In 3) the comparison, the different models were evaluated mainly in terms of their potential.
Phase 2. Literature review of customization: A literature review based on a search for descriptions of the conceptual design of the customization of products, services, or PSS, was conducted. The aim was to capture those features that could be incorporated into the selected model mentioned in Phase 1. A concept matrix, an effective tool for a scientific review in general (Webster and Watson, 2002) , was adopted, if applicable. The population was again those publications written in English and included in the WoS databases. For service or PSS customization, the review required a close investigation of individual, original research articles, whereas for product customization, the objective of the investigation was to primarily include review articles. If the product customization literature was not limited to review articles, the volume of available material would have made the composition of this article infeasible by destroying its unique contribution of including both product and service customization. Hara, Sakao and Fukushima, Mechanical Engineering Reviews, Vol.6, No.1 (2019) [DOI: 10.1299/mer.18-00184] Specifically, for service customization, four steps were applied; 1) keyword search, 2) screening, 3) comparison of the models, and 4) extracting features from the literature. The conditions for 1) keyword search were that the title should include "customization" or "service family design," the topic should include "service," the research area should be "engineering" and the document type should be "article." For 2) screening, only those articles providing a distinctive model or process with a design science perspective for the customization were chosen. For 3) the comparison of the models, a set of parameters obtained from the key concepts of the selected models was utilized.
For PSS customization, four steps were applied; 1) keyword search, 2) screening, 3) comparison of the models, and 4) extracting features from the literature. The conditions for 1) keyword search were that the title should include "customization," "PSS family design," "integrated solution family design," or "hybrid offering family design," the topic should include "product service system," "integrated solution," or "hybrid offering" and the document type should be "article." For 2) screening, only those articles providing a distinctive model or process taking a design science perspective for customization were chosen. For 3) the comparison of the models, a set of parameters obtained from the key concepts of the selected models was utilized.
For product customization, three steps were applied; 1) keyword search, 2) screening, and 3) extracting features from the literature. The conditions for 1) keyword search were that the title should include "customization" or "product family design," the topic should include "product," the research area should be "engineering", and the document type should be "review." In 2) screening, only those review articles providing a substantial review of the design science aspect of customization were selected. Figure 1 shows the transition of the number of articles about PSS design, service customization, and PSS customization. Studies involving PSS design including software implementation appeared from 2003 onward. Especially in the last decade, PSS design seems to have attracted higher attention. Although distinct models of service customization have been proposed since the 1990s, most of them were proposed in the last decade. Development of distinct models of PSS customization has emerged since 2011. However, in the light of increased attention to service customization and PSS design over the years, PSS customization is logically believed to attract more attention as a research topic. This supported the need for a review providing future research directions for PSS customization. 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 PSS design Service customization PSS customization Hara, Sakao and Fukushima, Mechanical Engineering Reviews, Vol.6, No.1 (2019) [DOI: 10.1299/mer.18-00184]
Results of Literature Review

Development of the areas
Literature in PSS design (Phase 1)
The keyword search of the literature review for the design of PSS (as specified in Section 2) produced 40 articles as of March 24, 2018. As a general observation, several models, methods, and tools for the design and management of PSS have been proposed, as reviewed (Meier et al., 2010 (Vasantha et al., 2012 . For instance, "total care products" (functional products) (Alonso-Rasgado et al., 2004) , which are combinations of hardware and support services, have been developed in the engineering domain. Recently, a comprehensive general PSS model has been proposed (Becker et al., 2010) . Several methods for designing PSS have also been proposed. Most are formulated in a qualitative manner (Morelli, 2003 , Aurich et al., 2006 , whereas a few others followed a quantitative approach (Geng et al., 2010, Geng and Chu, 2012) . Service activity is increasingly incorporated into the design space across these concepts; this has traditionally been the domain of physical products in the manufacturing industries.
After screening, three articles that present distinctive models were obtained after the precondition of implementation in software eliminated most of the 40 articles. Namely, very few examples of software for the design of PSS were found even at the research level: a service CAD integrated with a lifecycle simulator (Komoto and Tomiyama, 2008) , a service CAD named "Service Explorer" (Hara et al., 2009 , Sakao et al., 2009 , Shimomura and Hara, 2010 , Akasaka et al., 2012 , and PSS-CAD (McKay and Kundu, 2014) . None of them addresses customization explicitly.
Using the concept of the Service Explorer as criteria, papers reporting service, PSS, and product customization are examined in terms of the design object (i.e., what to design) and the design process (i.e., how to design it). Design support systems are also examined. Two tables, one about the design object and the design support system and the other about the design process, are created for the review of each type of customization. The receiver state parameter (RSP) used in design objects is a unique concept in Service Explorer. The offerings affect customers and change the states of customers to new states. RSP represents this change of customer states (Arai and Shimomura, 2004) .
Literature in Customization (Phase 2) 3.3.1 Service customization
The keyword search for the literature review of service customization (as specified in Section 2) produced 44 articles as of March 24, 2018. After screening, four articles that present a distinctive model or process (as listed in Tables 1 and  2 ) from the design science perspective were obtained. Most articles were eliminated because of their low relevance to design science. Tables 1 and 2 are concept matrices that compare the models by using the elements of the model for designing PSS as selected in Section 3.1 - Table 1 for design objects and design support systems, and Table 2 for design processes. Tables 1 and 2 reveal that no single model addresses all the elements of the model for designing PSS. Table 1 shows that all the elements such as the function, entity, and process are addressed by at least some of the models. Note that "product elements" are not major design parameters in most of these models. This is reasonable as these models are developed for service customization and all the case studies carried out as part of the related research involved the service industry (shown in the last line of Table 1 , "Case used") 1 . Furthermore, Table 1 indicates that a service ontology (Moon et al., 2009 ) has been developed as part of a design support system to increase the reusability of design knowledge. Concerning the individual features, the following features of design objects, originating partly from customization, were observed in these models.
§ Moon et al. (2011) developed activity diagrams to represent service process or workflow using UML. The activity diagram enables designers to identify service attributes and activities for performing a whole service. proposes a degree of satisfaction concerning a specific customer value (i.e., receiver state parameter) for each persona. This degree indicates whether this customer value should be optional. § Constraints in a design object are observed in (Jiao et al., 2003) in building a variety of structures. There are two types of constraints: restriction on the combination of parameter values and the other is about mapping the relationships of entities. § Fogliatto and da Silveira (2008) cluster customers to list their attributes and weigh them, and then cluster the customer again based on the weight. Hara, Sakao and Fukushima, Mechanical Engineering Reviews, Vol.6, No.1 (2019) [DOI: 10.1299/mer.18-00184]
In Table 2 , the elemental processes of customization are grouped into three phases: 1) Describe design specifications, 2) Derive potential solutions, and 3) Evaluate potential solutions. Table 2 lists the notable features of customization in the evaluation (the line for "3) Evaluate potential solutions") within the customization process. These features are grouped as follows.
§ What to customize - propose a set of design operations to determine whether to make given values optional based on the degree of value fulfillment. Fogliatto and da Silveira (2008) propose a method to collect preference data from customers and define a choice menu by using statistical analysis. Customers select only what they need or want from a menu based on their own preferences. § How to customize - Jiao et al. (2003) propose the evaluation of a functionality/technical commonality. Moon et al. (2011) propose a method using a module-based platform strategy and evaluating and prioritizing design costs based on game theory. Choice menu design in natural gas service Banking service family design "NA" represents "not available" (also in Tables 2, 3 , 4, 5 and 6).
Hara, Sakao and Fukushima, Mechanical Engineering Reviews, Vol.6, No.1 (2019) [DOI: 10.1299/mer.18-00184] 
PSS customization
The keyword search of the literature review for PSS customization (described in Section 2) identified five articles as of March 24, 2018. After screening, three articles that present a distinctive model or process (as listed in Tables 3 and 4) from the design science perspective were obtained. Kuo (2013) did not focus on PSS customization as such but on the development of mass customization and personalization software. However, the software is taken as a product, and software renting and customization are taken as the accompanying services. For example, a renting software service can be viewed as use-oriented PSS. Quality function deployment (QFD) is used in order to obtain customer requirements and transform them into technical attributes. Based on the result of QFD, the designer develops modules including some functions fulfilling customer requirements. These modules are evaluated by ISO/IEC 9126 to determine whether the modules satisfy customers. Finally, cost evaluation is conducted. The result determines whether customers decide to buy or lease the software. Song and Sakao (2017) developed module-based frameworks for sustainable PSS. They also derived requirements from customers and transformed them into technical attributes. This research uniquely takes technical conflicts into account in the early design phase. For instance, the design attribute of the service response time often conflicts with that of service cost. By considering conflicts, the possible defects in the later design phases can be reduced. Subsequently, PSS components are identified by using a modified service blueprint, and components are clustered into modules. A modified service blueprint is used to derive all the related PSS components such as service processes, service objects, and service resources (Song et al., 2015) . The modules are evaluated on the basis of the technical attributes derived from the customer requirements to configure the PSS that fulfills the customer requirements.
A configuration system for PSS customization was proposed (Ming and Liyue, 2011) . A meta-ontology for PSS was developed and the structure of the specific PSS is described in ontology web language, and the constraints of the configuration and customer requirements are programmed. Based on this process, configuration is conducted by using the Java expert system shell. Although this method enables rapid configuration, the procedure followed to extract customer requirements and constraints is not described. Table 3 presents a concept matrix of existing distinct models for PSS customization. Both Ming and Liyue (2011) and Song and Sakao (2017) have PSS elements/components as product or service elements, because PSS is a notion that integrates the product and service. However, these articles focus on the service aspect of PSS rather than on the integration of the product and service; in other words, rather than considering the functions of physical products, they consider the service that can be attached to the physical products. Concerning the individual features, the following two features of design objects, originating partly from customization, were observed in these models.
§ Customer voices are gathered to know customer needs through a wide variety of sources in (Kuo, 2013) . § Song and Sakao (2017) capture stakeholders' requirements in each of the phases of customer activities by focusing on the lifecycle activities of the product. The customer activity cycle is used to obtain stakeholders' requirements. Table 4 lists the design processes of PSS customization. The individual features of each model are described below. Ming and Liyue (2011) do not describe object design; thus, all elements are not available. Concerning the individual features, the following two features of a design process, originating partly from customization, were observed in these models.
§ Based on the customer voice, QFD is used to transfer the acquired customer needs to technical attributes in (Kuo, 2013) . § Song and Sakao (2017) apply the modified service blueprint to represent the scenario of product use and identify the PSS components including service processes, service objects, etc.
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Product customization
A literature search of keywords pertaining to product customization, described in Section 2, identified five articles as of March 24, 2018. The following four articles were isolated: (Simpson, 2004) , (Jiao et al., 2007) , (Fogliatto et al., 2012) , and (da Silveira et al., 2001) . Note that (da Silveira et al., 2001) has been updated by the same research group (Fogliatto et al., 2012) and thus was only indirectly included. The features in Table 5 and 6 are derived based on the concept of Service Explorer (Hara et al., 2009) . Because many features are considered in the targeted review articles, typical features are extracted. The common features of product customizations found in the articles are described below.
The customization of products has been widely researched and reported (Fogliatto et al., 2012) . Among others, mass customization (MC) targeting mainly the properties of physical entities was developed (Pine, 1993 , Anderson, 1997 . In the four review articles, although service is mentioned in connection with products, service design was not addressed. The concept of MC, which is defined as "the design and manufacture of customized products with mass-production levels of efficiency and speed" (Anderson, 1997) , is already widespread in industry.
The aim of MC is to satisfy the variable needs and wants of individual customers while maintaining the total economic cost at low levels (e.g., Pine (1993) ). In customization, the design of a structure of variable offerings based on a commonly used part is essential because of the economy of scale it offers (Pine, 1993) . This common part, known as a "platform," was defined as "a collection of assets that are shared by a set of products" by (Robertson and Ulrich, 1998) . This definition could also be applied to services by replacing the term "products" with "services." In the customization of products and services in general, the definition of the assets needed to realize variable offerings while maintaining some of the assets shared by the offerings is essential. In line with the importance of a platform, as described above, component commonality is a fundamental issue, as pointed out by the authors of all three review articles. Furthermore, a balance between component commonality and variety is the key to the design of such platforms (Fogliatto et al., 2012) . This is explained as a trade-off between commonality and distinctiveness by (Simpson, 2004) -the nuance of distinctiveness in individual performance rather than merely being different. There are three types of approaches for achieving this (Fogliatto et al., 2012) : (i) optimization-based approaches, (ii) commonality index-based approaches, and (iii) approaches based on other indices. For optimization-based approaches, more than half adopt multi-objective optimization as reviewed by (Simpson, 2004) . Concerning the indexes, important indexes (Simpson, 2004 , Jiao et al., 2007 are cost, profit, and platform-related indexes. Platform-related indexes include: platform efficiency and platform effectiveness (Jiao et al., 2007) .
Other fundamental issues include product architecture and modularity (Jiao et al., 2007) . Modularity involves separating a system into independent parts or modules that can be treated as logical units (Newcomb et al., 1996) . Important for the characterization of modularity is the interaction between the modules. Modules are identified such that between-module (intermodule) interactions are minimal whereas within-module (intra-module) interactions can be high (Ulrich and Eppinger, 2000) ; therefore, decomposition is the main concern of modularity.
More specifically, different approaches for leveraging a platform in terms of customer segments and levels of cost and performance were summarized (Simpson, 2004) : (a) horizontal leveraging meaning that a platform is used for different customer segments without changing the levels of cost or performance, e.g., using a low-end platform, (b) vertical leveraging meaning that a platform is used for different levels of cost and performance within the same customer segment, e.g., scale-down in terms of the level of cost and performance within the segment, and (c) a hybrid of (a) and (b).
Two strategies for implementing platform-based product family design are known, namely module-based product family design (product family members are composed by adding, substituting, and/or removing one or more functional modules), and scale-based product family design (scaling variables are used to stretch or shrink the product platform in one or more dimensions to satisfy a variety of market niches) (Simpson, 2004 , Jiao et al., 2007 . Although some researchers consider scale-based product family design to be a subset of module-based product family design (Fujita and Yoshida, 2001) , both the former and latter strategies are popular in many industries (Simpson, 2004) . Hara, Sakao and Fukushima, Mechanical Engineering Reviews, Vol.6, No.1 (2019) [DOI: 10.1299/mer.18-00184] 
Discussion 4.1 Comparison and analysis of customization of product, service, and PSS
The center column of Table 7 and Table 8 comparatively describes the customization of products, services, and PSSs. The rightmost column presents an analysis to enhance the customization of PSS. Table 7 includes inputs to design, design objects, and design support systems, whereas Table 8 covers design processes. An overview is given below, and details are provided in the two respective tables.
Considering the design process, each reported study adopted a different method to design offerings, but some methods can be utilized in either service or PSS. For example, in the case of PSS, customer clustering as used in services (Fogliatto and da Silveira, 2008) is not implemented in PSS but it may be an efficient method to understand customers. On the other hand, in PSS, a modified service blueprint was used to derive product and service behavior , and this method can be used for either services or products to promote the value of an offering by considering the interaction between the offering and the customer.
Customization often involves the creation of modules to customize parts based on customer needs, and especially in PSS, modules are created mainly in relation to services. The creation of a module, namely modularity, has been extensively discussed in the case of products. On the other hand, for PSS, insufficient discussion about modularity seems to have taken place and this should be promoted in future. Moreover, when developing PSS modules, consideration of the relation between products and services would stimulate the development of a PSS that is more highly integrated and effective.
As described in Section 3.2.3 and under "Derive product elements" in Table 8 (b), two strategies can be followed for product family design, namely module-based product family design, whereby product family members are composed by adding, substituting, and/or removing one or more functional modules, and scale-based product family design, whereby scaling variables are used to stretch or shrink the product platform in one or more dimensions to satisfy a variety of market niches (Simpson, 2004 , Jiao et al., 2007 . In service customization, Moon et al. (2011) adopted a module-based platform. Fogliatto and da Silveira (2008) did not use a module-based platform, but created a choice menu that contains many options created based on customer preference, which can be similar to creating modules. However, in service customization, the scale-based platform is not adopted, because service components are often regarded as less-scalable entities than product components. Moreover, the module-based platform seems to be suitable for PSS customization because PSS contains a service component . However, different research groups on PSS (Kowalkowski et al., 2015 , Raja et al., 2017 have recently shown that service scalability could grow businesses. Hara, Sakao and Fukushima, Mechanical Engineering Reviews, Vol.6, No.1 (2019) [DOI: 10.1299/mer.18-00184] PSS and services require a more detailed understanding of customers than products. Further, in the case of products, the number of customers is greater than in PSSs and services. Hence, market segments have rougher granularity.
Scenario
Services and PSSs are similar. Current research results sensible: describing and understanding customer behavior is more important for service and PSS due to co-creation characteristics than for product.
For products, no such a concept is explicitly addressed.
Constraints
Considered for both products and PSSs. For products, constraints are important because products are physical. For PSS, intangible constraints are considered to improve the effectiveness of PSS offerings. Services do not have this concept.
Constraints not considered in services because of their intangibility. Constraints could be introduced in services in a similar way as in PSSs.
Others
Degree of satisfaction is unique in service.
Degree of satisfaction could be utilized in PSS.
Product lifecycle information and conflicts are considered only in PSS .
When PSS is attempted with a lifecycle approach, addressing conflicts between lifecycle stages is sensible.
Design objects Receiver State Parameter (RSP)
Similar concepts are used in products, services, and PSSs.
More stakeholders are involved and influenced throughout a PSS lifecycle (Durugbo et al., 2011) , and thus addressing stakeholders' requirements is crucial. Stakeholders' requirements are addressed only in PSS .
Function
Addressed in products, services, and PSSs. Current research result sensible: designing for a required function is essential to create all offerings.
Entity with attributes
Product elements Both PSSs and products consider product elements, but in PSS, the product and service elements are also integrated into one element.
Current PSS research sensible: PSS integration product and service should consider both elements simultaneously.
In services, Fogliatto and da Silveira (2008) and (Jiao et al., 2003) address product elements.
In services, Fogliatto and da Silveira (2008) seem to integrate products and services. Their study can be seen as targeting a result-oriented PSS. Services sometimes seem to include a product component because products are often used in services. In products, variables are considered (Jiao et al., 2003) (Simpson, 2004) .
In products, variables that stretch or shrink based on customer needs are considered in the context of a scale-based product family (Jiao et al., 2003) (Simpson, 2004) . This is unique to products because the parameters of service elements cannot be stretched or shrunk in the same way as for product elements. Products: product family (module-based and scale-based) and platform (the fundamental concept of mass customization) are created. Services: (Moon et al., 2011 ) used a service family and platform.
Family design and platform design are essential in mass customization. These concepts are related with module design. PSS customization has scope for further research in both family and platform design.
Service elements Addressed in both services and PSSs.
PSS: service and product elements are considered.
Products focus on the product, whereas services include both products and services. Current PSS research makes sense: an integration of products and services should consider both elements simultaneously. Products also include service elements.
In terms of products, services are considered, but the design of the service is not described. This is sensible because product customization is the main concern.
Hara, Sakao and Fukushima, Mechanical Engineering Reviews, Vol.6, No.1 (2019) [DOI: 10.1299/mer.18-00184] Current PSS research is sensible: PSSs are developed together with the associated product behavior, which has a large impact on PSS. For products, product behavior during the use phase is addressed.
Product usage is altered by customers during the usage phase, but the design of product behavior is not explicitly addressed in the context of product customization. Product behavior during the usage phase may be considered in detailed product design, although it does not seem to be mentioned in the context of customization. Product behavior during usage can facilitate the valuation of offerings. Not considered in service.
Note that Jiao et al. (2003) address service delivery system design and product variety without applying it to a case. Product behavior could also be addressed in services.
Service activity
Processes involving customers and employees are addressed in services (Jiao et al., 2003) . An activity diagram is used in service (Moon et al., 2011) .
Current research results make sense: customer needs are fulfilled during each service process; considering service activity is important in both services and PSSs.
Service processes and resources are addressed in PSS . No similar concept is touched upon in products. Song and Sakao (2017) clarified the limitation of resources and design resource allocation in order to create feasible solutions. This could also be used in services.
Design support systems Case base
QFD is applied in PSS and products. In products, several methods are utilized to create modules.
Methods used for products should be applied to PSS and services, respectively, after customization.
Ontology
Ontology is used explicitly in PSS. An opportunity for future research exists.
Implementation as software
In products, some software is used.
In PSS and services, software support decreases the difficulty for designers to customize offerings. This is an opportunity for future research.
Cases used
In services, cases of hotel services , natural gas services (Fogliatto and da Silveira, 2008) , and banking services (Moon et al., 2011) are used. In PSS, cases of vehicles (Ming and Liyue, 2011) , software (Kuo, 2013) , and elevators are used.
In services, the case of natural gas also includes product characteristics (Fogliatto and da Silveira, 2008) and could be applied to PSS customization.
Hara, Sakao and Fukushima, Mechanical Engineering Reviews, Vol.6, No.1 (2019) [DOI: 10.1299/mer.18-00184] (Fogliatto and da Silveira, 2008) and grouping (Jiao et al., 2003) used in services; market segments created for products (Jiao et al. 2007 ).
Customer clustering (Fogliatto and da Silveira, 2008) , grouping (Jiao et al., 2003) , and market segmentation (Jiao et al. 2007 ) could be used in PSS. Market segments for products may include large groups of customers. For mass customers in services and PSSs, creating market segments could be effective. Delphi method used as a concrete method in PSS (Kuo, 2013) .
Collecting the customer voice by using the Delphi method (Kuo, 2013) could also be applied to services. Describe scenarios Conducted in services and PSSs; activity diagram used in services (Moon et al., 2011) ; customer activity cycle used in PSS .
Activity diagram (Moon et al., 2011) used in PSS; customer activity cycle (Song and Sakao 2017) used for services.
Methods describing customer behavior not explicitly addressed for products.
Product behavior during the usage phase may be considered in detailed product design, but does not seem to be mentioned in the context of customization. Product behavior during usage can facilitate the valuation of offerings even in the context of customization.
Describe RSPs
Similar processes implemented in services and PSSs: every process aims to clarify customer needs.
Similarity of services and PSSs is sensible: clarifying customer needs is essential for both.
Customer involvement used in services and products (Fogliatto and da Silveira, 2008 ) (Simpson, 2004 ) (Fogliatto et al., 2012) . PSS: customer involvement methods such as surveys, focus groups, and interviews are also used (Kuo, 2013) .
Customer involvement: essential to capture customer needs in all customization.
Hara, Sakao and Fukushima, Mechanical Engineering Reviews, Vol.6, No.1 (2019) [DOI: 10.1299/mer.18-00184] Current research results make sense: it is essential to derive required functions based on customer needs.
The use of weighting attributes (Fogliatto and da Silveira, 2008 ) is unique in services.
Weighting service attributes directly derived from customers' inputs without considering e.g., the function structure (Fogliatto and da Silveira, 2008 ) may be possible because services are less complex than in PSSs: conflicts between attributes are more likely to occur in PSSs.
Derive product elements
In both PSSs and products, functions are transformed into product elements (Jiao et al., 2007) and modules are created (Kuo, 2013) (Simpson, 2004) (Jiao et al. 2007 ).
Clustering elements seem to be a common way to create modules. In products, discussions of module development are effective. However, this seems to be underdeveloped in PSSs. In services, when products are included in an offering, product elements could also be derived. Platform strategy is used for products: module-based and scale-based strategies (Simpson, 2004) (Jiao et al., 2007) .
Module-based strategy is also used for services (Moon et al., 2011) . Scale-based strategy can be difficult to adapt to services and PSSs because elements of services are not scalable.
Derive service elements
Modules and elements of services are considered in services and PSSs (Moon et al., 2011) (Kuo, 2013) .
Both services and PSSs seem to be largely based on product customization methods. However, creating service modules is underdeveloped compared to products.
Creating a choice menu is unique for services (Fogliatto and da Silveira, 2008) . For products, nothing is stated explicitly.
The choice menu could be adopted for PSS.
A module-based platform strategy is used for services.
Discussion of modularity should be stimulated more in the context of service and PSS customization.
Derive product behaviors
No similar process is touched upon in connection with services and products.
In services and products, methods such as modified service blueprints could derive product behavior and describe interactions between offerings and customers. Only in PSS, product behavior is considered in a modified service blueprint .
It is sensible that PSS considers product behavior, because services in PSS are strongly related to product behavior.
Derive service activities
Service processes are derived for both services and PSSs. An activity diagram is used for services (Moon et al., 2011) .
In service customization, only an activity diagram is used explicitly to derive service activity, and this is a future research opportunity: Service blueprint is used in service design and could be used also in service customization. A modified service blueprint is used only in PSS . This is not discussed for products.
In products, methods such as a modified service blueprint could be used to describe interaction between product and customers.
Evaluate potential solutions Evaluate potential PSS and select a solution
Solutions are created through evaluation or optimization of modules/components. Evaluations are implemented quantitatively or qualitatively. PSS: qualitative evaluation was conducted (Kuo, 2013) : experts evaluate functions and modules. Services: deciding whether creating RSPs are optional is conducted qualitatively based on the extent of satisfaction . Others are evaluated quantitatively.
Current research results make sense: customized offerings should be optimized to fulfill specific customer needs. Evaluation by experts could be used for services and products especially when insufficient data are available.
For products, modularity and commonality are evaluated.
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Future research opportunities for PSS customization
General discussions of Tables 7 and 8 are presented below to highlight relevant future research directions in PSS customization. PSS customization can be more complex than service and product customization because PSS contains service and product components. PSS contains some unique characteristics that are implemented to ensure that the PSS is effective, such as considering the usage phase, lifecycle perspective, stakeholders, and product behavior. However, research relating to PSS customization has focused mainly on the service aspect of PSS.
In fact, as the customization of PSS has not been thoroughly investigated yet, valuable insights for PSS customization can be obtained from both product customization, on which many researchers have been focusing for decades, and service customization, which can be an important strategy to satisfy customers' needs (Moon et al., 2011) . Future research opportunities are described below. Focusing on PSS customization, researchers mainly discuss services added to existing products and add value to products for customers (Fargnoli et al., 2018) ; i.e., research aimed at integrating products and services involving interchange between them has not been reported yet. Such a method would enable manufacturers to create effective and highly integrated customized PSSs. Hara et al. (2009) developed Service Explorer, which enables designers to integrate value design, service-activity design, and product design. However, Service Explorer is not aimed at customization. Ways to consider product behavior and functions when creating new customized PSS could be worth researching.
Forming customer groups, such as customer clustering (Fogliatto and da Silveira, 2008) , grouping (Jiao et al., 2003) , and market segmentation (Jiao et al., 2007) , has been used in connection with both products and services. On the other hand, PSS focuses on individual customers. This is sensible because the number of customers in the case of PSS has been low and is not sensible to create customer groups. When using PSS for large numbers of customers, however, customer clustering could be effective. Other methods used for services, such as considering the degree of satisfaction to decide what should be customized and using an activity diagram to understand customers and service activity, could also be useful for PSS. A choice menu (Fogliatto and da Silveira, 2008) , which enables customers to choose their service and product, can also be effective to design customized PSS.
Product development often uses a design support system; however, such systems are not developed for services and PSSs despite the difficulties associated with the design of customized services and PSSs. In PSS and services, software support can be expected to facilitate the design of customized offerings and presents an opportunity for future research. Family design is a key issue in product customization. In services and PSS, discussion of family design (including scalebased family design) is insufficient and would need to include modularity.
As mentioned in Section 4.1, PSS modularity has not yet been discussed sufficiently. This would be an interesting study area in PSS customization because modularity is likely to contribute to the efficient and effective creation of customized PSS. Because services are characterized by intangibility, research relating to service modularity would be useful for PSS modularity. This issue is elaborated in the next section.
Module-based PSS design
This section addresses module-based PSS design as a large area for future research. According to Brax et al. (2017) , issues of service modularity have recently responded to the growing demand for architectural and design knowledge. They also stated that PSS modularity is a fertile area to be researched. Services have learned much from product customization, which has been researched extensively. Similarly, PSS can learn from product and service modularity.
Service modularity is the focus of various kinds of service areas, e.g., healthcare, logistics, and finance, because of the heterogeneity of the context in which the concepts can be applied (Brax et al., 2017) . This also applies to PSS, which can be implemented in various ways and additional case studies are necessary. In the service context, Broekhuis et al. (2017) adopted modularity principles derived in the context of product modularity to design modular service architecture for elderly care. The modularity principles are that modules should have a specific function, be relatively independent, and have standardized interfaces for integration purposes (Ulrich, 1995 , Baldwin and Clark, 2000 , Schilling, 2000 . As a result, the adoption of the "relative independence" and "standardized interfaces" principles are fairly limited because the design choices are highly intertwined and this is inherent to the nature of service modularity.
Visintin (2012) conducted a case study of PSS customization in the printing industry, where Océ, the case company, Hara, Sakao and Fukushima, Mechanical Engineering Reviews, Vol.6, No.1 (2019) [DOI: 10.1299/mer.18-00184] manufactures hardware and software components separately, and the relations between them are well understood. Furthermore, Océ creates several types of delivery processes, including orientation, analysis, design, implementation and support, which can be chosen based on individual customer needs. This method enabled Océ to create highly customized solutions. Creating product and service modules separately and understanding their relation to each other would be a good way to ease the difficulty of PSS modularity. In addition, selectable delivery processes ensure that solutions are more effective for customers. Although this method would be effective for PSS customization, additional research in different industries would be necessary. Sakao et al. (2017) proposed a practical method to create service modules of PSS by extending the DSM (Design Structure Matrix). They focused on the service aspect of a PSS offering and create "service" modules that contain service components rather than product components. As Brax et al. (2017) pointed out, PSS modules can be complex because they contain a mixture of product and service components. From this perspective, no practical methods have been proposed to create modules containing both service and product elements. This provides a concrete future research opportunity.
Future research opportunities for product and service customization
Based on Tables 7 and 8, future research opportunities for product and service customization are derived by comparing PSS, service, and product customization.
Service customization
Intangible constraints can be addressed in services during the design phase in the same way as in PSS , e.g., the limitation of personnel resources, in order to create feasible solutions. Methods that are used in PSS to understand customers, i.e., the Delphi method (Kuo, 2013) and customer activity cycle (Vandermerwe, 1993) , should also be useful in services. In addition, in PSS, the modified service blueprint (after (Shostack, 1982) ) is used to derive product behavior and describe interaction between offerings and customers . However, in services, a specific way to derive service activity is not addressed and this is a future research opportunity: A service blueprint is used in service design and could be used in service customization.
Product customization
Some concepts used in services or PSSs, but not products, are included in Table 7 and Table 8 . Because there are some characteristics of services, e.g., that a more detailed understanding of the customer is needed than for products, some concepts are available only in services or PSS. Some future research opportunities found in product customization as explained below.
Product lifecycle information used in services can be adopted as an input to design conducted in product customization. This is expected to contribute to higher value and resource efficiency, because the designer can pay more attention to each phase of product life and find hidden customer needs and an alternative efficient use of materials. This contribution is relevant because lifecycle is regarded as important even in product design (Umeda et al., 2012) . In addition, some methods such as a modified service blueprint could be used to derive product behavior and describe interaction between offerings and customers. This would enable designers to devote more attention to the usage phase. Lastly, in product design, product behavior during the usage phase may be considered in detailed design, yet it does not seem to be mentioned in the context of customization. Understanding product behavior during usage can facilitate the validation of offerings.
Contribution to the environmental performance
Except for Song and Sakao (2017) , no researchers have reported the influence of PSS customization on environmental performance. PSS customization can have a positive effect on the environment because PSS itself is expected to create an impact on environmental gain (Tukker, 2004) . In addition, customization of PSS may further enhance the environmental aspect. Therefore, this matter needs further investigation and it could be a driver for manufacturers to promote PSS customization. Hara, Sakao and Fukushima, Mechanical Engineering Reviews, Vol.6, No.1 (2019) [DOI: 10.1299/mer.18-00184]
Conclusion
This research has reviewed literature about service, product, and PSS customization to identify research opportunities in the context of PSS customization. Although service and product customization has received wide attention, PSS customization has been underexplored, and some papers discussing PSS customization only focus on PSS from a service perspective. To advance the knowledge for PSS customization, building upon extant methods for PSS design, which consider functions of both products and services and exploit the inter-relations among them, could be effective. This review showed concrete future research opportunities such as integration of products and services during PSS customization, application of customer clustering in PSS, development of design support software for PSS customization, development a concept of PSS family design, and development of a PSS-modularity concept.
